SUMMARY The effects of dexamethasone and 20% mannitol infusion in reducing raised intracranial pressure were assessed in severely asphyxiated newborn infants. Intracranial pressure was measured continuously by a percutaneously placed subarachnoid catheter, and cerebral perfusion pressure was calculated from this and blood pressure data. Dexamethasone treatment, assessed in seven infants, produced an overall fall in intracranial pressure which was sustained for at least six hours, but this was coincident with a simultaneous reduction in systemic blood pressure with no change in the cerebral perfusion pressure. Mannitol, studied on nine occasions, produced a fall in intracranial pressure in each case, together with an overall rise in cerebral perfusion pressure 60 minutes after starting the infusion; this was sustained for a further four hours. We can find little to support the routine use of dexamethasone in severe perinatal asphyxia but mannitol infusion seems of value in treating raised intracranial pressure associated with cerebral oedema.
The incidence of birth asphyxia causing cerebral disturbance is unknown but is probably in the order of 1.5 to 6 per 1000 live births. It is arguably the commonest cause of perinatal brain injury associated with long term neurological handicap.'
The management of severe birth asphyxia is both supportive and directed towards avoidance of, or treatment for, cerebral oedema. Supportive treatment includes control of convulsions, avoidance of hypotension, and prevention of metabolic disturbances. The management of cerebral oedema is entirely empirical as methods have not been available for the reliable diagnosis of this condition. Where intracranial hypertension is thought to be present, dehydration, corticosteroids, and osmotic agents have been recommended. There have been no studies on the medical management of raised intracranial pressure in the severely asphyxiated human newborn. We report the effects of dexamethasone and mannitol on lowering raised intracranial pressure as measured directly from the subarachnoid space.
Patients and methods
Ten mature infants who had suffered severe perinatal birth asphyxia were studied. A fine catheter was inserted percutaneously into the subarachnoid space through the anterior fontanelle2 and connected to a silicon diaphragm transducer by means of a saline filled, low compliance manometer connecting tube. This procedure had been approved by the hospital ethical committee, and informed signed consent was obtained from all parents before placement of the catheter.
The infants were managed with relative dehydration and given approximately 10% less fluid than normal term babies. In ventilator dependent infants, the mechanical ventilation was adjusted to achieve a Paco2 of between 3-5 and 4.0 kPa (26 to 30 mm Hg).
Raised intracranial pressure was diagnosed if the pressure measured from the subarachnoid space reached an arbitrary level of 10 mm Hg or more, and was sustained for two hours or more. Under these circumstances medical treatment was introduced. Dexamethasone (4 mg intravenously) was used first and if after six hours the intracranial pressure still exceeded 10 mm Hg, 20% mannitol was infused
(1 g/kg) over 20 minutes. Intracranial pressure was monitored continuously and displayed on a multichannel chart recorder. In six infants, systolic and diastolic blood pressure was also recorded continuously from group.bmj.com on September 30, 2017 -Published by http://adc.bmj.com/ Downloaded from 14 Levene and Evans cerebral perfusion pressure after dexamethasone treatment in six infants for six hours before and 24 hours after injection. There was little change until six hours after the injection of dexamethasone.
Mannitol 20% was used on nine occasions in four infants who had raised intracranial pressure six hours after dexamethasone treatment. Intracranial pressure at the time of mannitol infusion varied from 11 to 40 mm Hg ( Table 2 ). All infants were studied for 60 minutes before and 300 minutes after infusion. Intracranial pressure fell within 20 minutes after eight infusions, and in all cases by 60 minutes. Fig. 3 shows the overall change in intracranial pressure before and after treatment with mannitol. There was a gradual rise for 60 minutes before mannitol and a significant drop within 20 minutes of starting the infusion (P<0.02). By 40 minutes there had been overall a 35% drop (P<0-01) and this was sustained for at least a further four hours. The cerebral perfusion pressure could be calculated on six occasions and its value at zero time is shown in Table 2 . Cerebral perfusion pressure improved by 5 to 28 mm Hg in every case by 60 minutes from the start of the infusion. Fig. 4 shows this data plotted as a proportion of cerebral perfusion pressure at zero time. There was no appreciable change for 40 This is the first report of the effect of drugs on intracranial pressure in the asphyxiated newborn. The results are presented as a pilot study and we have made no effort to present these observations as part of a controlled study. Indeed, it seems unlikely at this time that we could insert a subarachnoid catheter and ignore intracranial hypertension and until further experience with this technique is obtained we feel that a controlled study is difficult to justify ethically.
The role of dexamethasone in the management of perinatal birth asphyxia is disputed. Two recent books which discuss the management of birth asphyxia recommend the early use of corticosteroids,4 5 while Volpe,' in a comprehensive monograph on neonatal neurology, disregards the use of these agents. There are few experimental data from controlled studies to support the use of dexamethasone in the management of perinatal asphyxia. The existing experimental work cannot easily be applied to the newborn. The use of experimental animals with brains of different maturity to those of term humans, and methods for producing asphyxia which poorly mimic perinatal asphyxia are major criticisms of such work. In addition, there are few histological studies on the asphyxiated newborn brain. Studies on five day old rats, whose brain at that age is at a comparable stage of development with the term human brain, showed that treatment with dexamethasone before asphyxia resulted in less severe effects on the brain than in untreated animals.6 Treatment after asphyxia with doses of dexamethasone comparable to those used in the human newborn were ineffective in treating or preventing cerebral oedema.7
It has been suggested that cerebral oedema is caused by either cytotoxic or vasogenic damage.8
Histological studies showing brain oedema to be associated with both an increase in extracellular fluid in the white matter and with noticeable swelling of the astrocytes support this.9 In clinical practice it is likely that both vasogenic (extracellular oedema) and cytotoxic (cell swelling) occur together. Published reports suggest that dexamethasone has effects primarily on vasogenic oedema and to a lesser extent on cell swelling. 1() This agent finds its major role in the treatment of focal cerebral oedema associated with tumour or abscess, neither of which bear a close resemblance to the generalised brain swelling after perinatal asphyxia.
The adverse effects of steroids must also be considered. As in the case of steroids, osmotic agents have not been scientifically assessed in the management of birth asphyxia. There is a theoretical risk of rebound cerebral oedema if mannitol enters the brain through a damaged blood-brain barrier and is then excreted from the systemic circulation. In order to avoid this, controlled management with intracranial pressure monitoring is necessary. To our knowledge this has not previously been performed in the newborn. Our results suggest that mannitol is an effective agent in the management of raised intracranial pressure caused by cerebral oedema. In this study, intracranial pressure fell in all infants after mannitol infusion. More importantly, there was a noticeable improvement in cerebral perfusion pressure 60 minutes after starting the drug, and this was sustained for at least four hours. There is only one published report on the use of mannitol after perinatal asphyxial insult. Mannitol was given either early (before 2 hours of age) or late (after 2 hours) but a control group was not studied. 13 The authors concluded that early treatment was beneficial but statistical analysis was not performed. We would tentatively recommend the cautious use of 20% mannitol in the treatment of raised intracranial pressure after perinatal cerebral asphyxia.
In conclusion, measurement of intracranial and cerebral perfusion pressures allows the controlled use of drugs in the treatment of intracranial hypertension. We can find little evidence that dexamethasone improves cerebral perfusion pressure, at least in the first six hours after its use, and its role in the management of birth asphyxia must remain uncertain. Mannitol, however, seems to be effective in lowering intracranial pressure and improving cerebral perfusion pressure, and its cautious use is recommended if intracranial pressure monitoring is available.
